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(54) Method of treating a subterranean formation 

(57) A subterranean formation is treated with a par- 
ticulate-laden fluid and a treatment chemical, whereby 
particulate flowback is reduced or prevented while also 
providing a controlled release of the treatment chemical 
within the formation. A fluid suspension including a mix- 
ture of a particulate, a tackifying compound and the 



treatment chemical, is pumped into the formation and 
depositing therein within whereby the tackifying com- 
pound retards release of said treatment chemical and 
also retards movement of at least a portion of the par- 
ticulate within the formation upon flow of fluids from the 
subterranean formation. 
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SdS^ 

and, optionally, for controlling particulate SSS^Z ;2SrZ£r ,, r h ' 8ubstantial »* manner 
[0002J Transport of partJcutate solids durtnJilSS^JI^S^ hydrocarbons from the formation, 
tinuing problem. The transported solids ca3d e Zt^^^^™ 5"" " 8ubterranea " Nation is a con- 
used in the recovery process. The solids aTS^ 

production. Further, the transported partteulates must ba separated ^ 9 ° rC ° mpletelys,0 PP i,1 9 f,uW 
expense to the processing. aiesmust be separated from the recovered hydrocarbons adding further 

[0003] The particulates which are available for transport mav be ores*nt t„ , 

terranean formation and/or as a result of well treaiZS «Sn T. . unc °" s °'iaated nature of a sub- 
gravel packing or propped fracturing ,rea,mente Pacing particulates in a wellborn or formation, such as. by 

Sa^SerartZ™ 

erations. proppant is carried into fractures created * * Wn ,h ° Wel,bore - ,n op- 
formatlons to a point where I^SIKSS * ?*! r' 0 *~ 8Ubtera ^" ^ 
outward* away from the wellbore withto the fractures as ^ cS a^d 0^ ^ 'T"" 9 * 
release of pumping pressure, the proppant materials remain tZTlf „ !?, W ' th ° 0nt,nUed pum P in 9- U P°" 
SSiT forming a channel fo? flow of ISZE^IZSE"* ° "* ^ *" 

Proppant flowback often may beaggravatedby S,at is ^Zk-J^* ^^ °' ,he Created flow ^"al. 
treatment. Aggresshre ftowback geLal^enK 

0. 1 barrels per minute (BPM) per perforation o the 3Ln, J 8 ,,* 8 rate 0f from 81)01,1 0 001 »° about 
mation. Such "owback rates were introduced into the subterranean for- 

tlon. The rapid flowrate can result in la^e qwntS "toe JSZEh? " *f P ^ x ™<> the tonr*. 

occurs or where inadequate bridoina within th«fcZ^»i!f P ' fl ° W,n9 back int0 ,ne wellb °re before closure 
as tt returns a wellboreYp^o^ 

[0006] Currents the primary mean fX^S^SXZ T T* *" n 0ther techni( ' ue8 - 
pants or resin consolidation of the proppant wZ ^ not Si S " t0 "boated prop- 

the .cost of resin-coated proppant SJgZK JSJ Z^^SS^S?* ^ 
of the proppant placement. Resin-coated proppant is not . Ia8t f,ve t0 tW8nt V «*» percent 

uniformly within the fractures. Another rJJ^ZL^Zf^l ?"! " 8 ° me in P ,aci "9 - 

turing pressure once the fracturing operation tmSZS^J^S^T f* * releasa 
pnppM builds slowly allowing the P^anJpaScSS 

n.ng of hydrocarbon production. Such stow re*m7u^^^ "egin- 
wellbore until the treatment fluid is removed unaes "able, however, since it reduces the production from the 

[0007] In unconsolidated formations, it is common to place a filtration bad of n raun . In ,k 

to present a physical barrier to the transport of unconsented o^ n «!l Z l near - we,,bore area in order 
Typ.ca.ly, such sc-oal.ed -gravel packing opemtio^nSTe D S"o i f T Pr ° dUCti0n ° f Carbons, 
orsand having a mesh size between about 10 anSi me^h on the u s'sf-n^ 'IT""" °' * qU8n,ity ° f 9 ravel a "<" 
formation adjacent to the wellbore. It is sometimra b rdtirabt fto T SeHes int0 the u "<*ns°"dated 

a porous matrix through whtehfomration fluids cTp^ 

sand and/or fines transported to the near wellbore ^TteZZSiut^T" 9 *" t ^ " tte unc <™°«°ated 
ream-coated gravel which is either partiaJiy cured and su2eo!eZcln ' PartiC ' e8 may constitute * 

of a chemical binding agent once the gravel is in^TTZ^TT 9 0r <*" be CUred b * an overfl "a" 
f^^nardenableadhesivesdi^ T ,0 add various ha *°"*»'a binding 

[0008] U. S. Patents 5,330.006, 5 439 055 and 5 501 p^Zf 9 ™ " ° rd8r ,0 bind the P 3 ^ together 
coating proppants or grave, packs oX'^S^ oifficurttes of reain 

-"reduced into the subterranean formation. TrS^Sfv^^nl ,,U ' d * ,he particu,a, « « 
eters and a diameter of from about 6 to about 200 rnlZ TSJ^L u ST [ a " 9 " 19 Upwardly ,rom *«« 2 millim- 
The fibers are believed to act to bridge acmTcoSt^ra^ ol^ 8,80 ™* *> ^ 

t0M " ^^^^^--^^rs^i^r^.. 
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the manner achieved by use of resin coated particulates. U.S. Patent 5,501 ,274 discloses a method for reducing prop- 
pant f lowback by the incorporation of thermoplastic material in particulate, ribbon or flake form with the proppant . Upon 
deposition of the proppant and thermoplastic material in the formation, the thermoplastic material softens and causes 
particulates adjacent the material to adhere to the thermoplastic creating agglomerates. The agglomerates then bridge 

5 with the other agglomerates and other particulates to prevent flowback from the formation. 

[001 0] It would be desirable to provide a more permanent method which will bind greater numbers of particles of the 
particulate to one another whereby agglomerates may be formed which would further assist in preventing movement 
or flowback of particulates from a wellbore or formation without significantly reducing the permeability of the particulate 
pack during aggressive flowback of treatment fluids. 

'0 [001 1] It is also desirable to provide a method by which a substantially uniform release of a treatment chemical such 
as a gel breaker, scale inhibitor, biocide, corrosion inhibitor, paraffin inhibitor or other treatment chemical may be ef- 
fected within a proppant pack in a subterranean formation. It is also desirable to be able to control the rate of release 
of the treatment chemical within the subterranean formation. 

[0012] We have now devised a method of treating a subterranean formation and uniformly delivering a controlled 

*5 release of a treatment chemical to the formation. 

[0013] In one aspect, the invention provides a method of treating a subterranean formation, which method comprises 
mixing with at feast a portion of particulate in a particu late-containing fluid suspension a liquid or solution of a non- 
hardening tackifying compound whereby at least a portion of said particulate is at least partially coated by said com- 
pound; mixing with at least a portion of said particulate in said fluid suspension a treatment chemical whereby at least 

20 a portion of said treatment chemical is contacted by said tackifying compound and at least partially coated therewith, 
whereby the tackifying compound retards release of said treatment chemical in said fluid suspension; and depositing 
the tackifying compound-coated particulates and treatment chemical in the subterranean formation whereby, upon 
flowing back fluid from the formation, the tackifying compound-coated treatment chemical is subsequently released 
within the subterranean formation to treat at least a portion of the formation or fluids in contact therewith. 

25 [001 4] The method of the invention comprises providing a fluid suspension including a mixture of particulate material, 
a material comprising a liquid or solution of a tackifying compound, which coats at least a portion of the particulate 
upon admixture therewith, a treatment chemical which may be in particulate form or coated upon or in a substrate and, 
optionally, a hardenable resin, which coats or is coated upon at least a portion of the particulate, pumping the fluid 
suspension including the coated particulate and treatment chemical through the wellbore and depositing the mixture 

30 in the formation. Upon deposition of proppants having been coated with the tackifying compound and optionally the 
resin material mixture in the formation the coating causes particulate adjacent to the coated material as well as the 
dispersed treatment chemical particles to adhere to the coated material thereby creating proppant agglomerates which 
bridge against other particles in the formation to minimize initial particulate flowback and the hardenable resin, when 
present, subsequently consolidates the particulate. 

ss [001 5] The coated material is effective in inhibiting the flowback of particulate in a porous pack having a size ranging 
from about 2 to about 400 mesh in intimate admixture with the tackifying compound coated particulates. 
[0016] The coated material is effective in consolidating particulate into the form of agglomerates In a formation as a 
result of a fracturing or gravel packing treatment performed on a subterranean formation during aggressive flowback 
of the treatment fluid. 

40 [0017] In accordance with the present invention, a liquid or solution of a tackifying compound is incorporated in an 
intimate mixture with a particulate material such as conventional proppants or gravel packing materials together with 
an optional hardenable resin and introduced into a subterranean formation. 

[0018] As used in this specification, the term "intimate mixture" will be understood to mean a substantially uniform 
dispersion of the components in the mixture. The term "simultaneous mixture" will be understood to mean a mixture 
45 of components that are blended together in the initial steps of the subterranean formation treatment process or the 
preparation for the performance of the treatment process. 

[001 9] The coated particulate or proppant material may comprise substantially any substrate material that does not 
undesirably chemicaily interact with other components used in treating the subterranean formation. The material may 
comprise sand, ceramics, glass, sintered bauxite, resin coated sand, resin beads, metal beads and the like. The coated 

so material also may comprise an additional material that is admixed with a particulate and introduced into a subterranean 
formation to reduce particulate flowback. In this instance the additional substrate material may comprise glass, ceramic, 
carbon composites, natural or synthetic polymers or metal and the like in the form of fibers, flakes, ribbons, beads! 
shavings, platelets and the like. In this instance, the additional substrate material generally will be admixed with the 
particulate In an amount of from about 0.1 to about 5 percent by weight of the particulate. 

55 [0020] Surprisingly, it has been found that the additional material also may comprise porous or non-porous substrates 
upon which a treatment chemical is either absorbed or coated or even particulates or agglomerates of particles of a 
desired solid treatment chemical which exhibits solubility in the formation fluids upon contact therewith. The additional 
material may or may not function as a proppant or gravel pack material in the subterranean formation, depending upon 
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the presence or absence of a substrate and Its properties The treatment „ 

as oxidize™, enzymes or hydroiyzsble esters that are c JabTe o SS^Sl^ °°T 6 9< " breatef8 ' SUCh 
biocides, corrosion inhibitors, paraffin Inhibitors orsubsteStelfw «E2? I P , " the flUid ' 803,6 inhibitore . 
formation athetemperatureco'ndi^^ "^J" »• fluids ■» 

compound, upon at least partially coatinq the treatment eZniZ ^ „i rt s placed. It hasbeen found that the tackifying 
^em^efom^^ 

flu,ds present in the formation. The tackifying compound chances thi nZZZ I T 0 " ^ C ° n,act wlth ,ne 
contact with the treatment chemicals to reduce SgT^^^^ZTI" ""T «*" " UidS " 
reducing the dissolution rate of the chemicals The oresence ofth! diam,cafc * ,he fom,atl °n thereby 
» materia, causes the treatment chemica, ^^ "^Z^T^T^ "* ^ ° r SUbstrate 
coated particulate both during mixing introduction into !hM„S t0 adhere to and remain dispersed within the 
treatment chemicals are not subject? ZV^Ja^ln "* UP °" P,aCement ,herein - ^ transported 

which it ,s introduced. Thus. SX^V2S^Z!ZS **" ^ ^ wtth 

wfthout undesired segregation or settiing to eZ teun^^ ! 'T' "** ° r 9ravel »"* 

[0021] The tackifying compound comprises a liquid oVaTuS of I ™1 ST^ W " hin the ,0rmation - 
coating upon the substrate material with which it fe admits nlw , compo ^P 4 *' 8 °' Arming at least a partial 
formatten. in some instances, the tacking comptunTmS Z ZZ EX? ,he 8Ub,erranea " 
admixing with the particulate and after heating upo entZto the weJbt 8 7 0 rT„t 75" ^ Up0n ,ni,ial 

mation become a mefted liquid which at least paS coai T* ™Zn f t * '" troduc,i °" "«» *• subterranean for- 
es a tackifying compound clnprise substelf^^lX^h w £KS!t?T^ **** ,0r U8 ° 
forni a non-hardening coating, by themselves unon ft.T.^ . , * M 1om or in a solvent 80l "tlon will 
the continuous crittJl rasusinsionTe^iJ of S Whch t faCHi,atM ■W to "™">" and will increase 
described in Example I by at teas. ^p^Z?ZaZZ^l * * °' Wa,er 88 hereinafta ' 
active material concentration. Preferably t^m^SSS^ T "T. PfeSent 3 0 5 percent «* wei 9 ht 
cent over particulate alone. A particutarty prellnZ ^^J^ P ^ h ,nC ^ ^ rt ^ » »^ 

liquids or in solvent solution at fhe 3JT„ oSeTbtelS? 9 T^"* C ° mpri8e Prides which are 
are, by themselves, non-hardening when p^en on SSSESiS?? SU ° h ,hat the P°^ We8 

particularly preferred product is a condensate "arfion ™ ,T ln, ° the subterra " ea " formation. A 
a polyamine. Such commercial pmductrindude cS^lTl commemial.y available polyacids and 
trimer and higher oligomers anS also snTam^unte o mto™,? TT? Cm ^ Containin 9 *°™ 

polyackte include trimer acids. synthetracLnZuced (Z fZ 2£ f ^ """^ P 0 *"*™ Other 
like. Such acidcompounds are available ,m^^^^^^ *"* **** «*» ana 

t" a "»nufacturing.ndusW^^^ 8 * " »*« ^own in 

the mild* exothermic formation of the amine J^^^^Z^Zf ^ W * h a9ttat, °"' 
dration and formation of the poiymer mett ^ poly co^nsmion The JSr ofSSJ « Prom °I e endothermfc * h y- 
leavmg the polyamide. The molecular weight and final prowrt.es oMh^Ll * <»n«lensed and removed 

feedstock, heating rate, and Judicious use of monoSn«SS3lS iZTZ, T T** by Ch ° iCe and ratio °' 
eral* an excess of polyamine is present to p«ve7mZa v Sat Troo a ™T„^ 1°™**° ^ P^ 3 ^"- Gen- 
by distillation, If desired. Often a solvent, suchTan^cohol ta ^T^?. °„ nreac>B * amines can be removed 
to produce a liquid solution that can readl^be h«n^ i^L ^ the flnal conda nsation reaction product 

temperature of from about ^Ftc S WF^ter^l ^ 9en ° mtt * ,8 a «omplished at a 

reaction. ThepoVamines can comp^^ «nd*-d -terfrom the 

no ethyl piperazine and the like. P etnyienediamlne, diethylenetrlamine, Methylene tetraamine, ami- 

>«™ 8UM1 a. ttaUc and Ihe lite ™^° mm> - P«*=M»na»s. sflaanMuladBre MiMe., „, mtm . 
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larger quantities may be used, however, the larger quantities generalfy do not significantly increase performance and 
could undesirably reduce the permeability of the particulate pack. Preferably, the tackifying compound is admixed with 
the particulate and treatment chemical particles introduced into the subterranean formation in an amount of from about 
0.25 to about 2.0 percent by weight of the coated particulate. 

5 [0027] When the tackifying compound is utilized with another material that is to be admixed with the particulate and 
which is to be at least partially coated with the tackifying compound, such as glass fibers or the like, the compound is 
present in an amount of from about 1 0 to about 250 percent active material by weight of the glass fibers or other added 
material and generally from about 0.1 to about 3 percent active material by weight of the quantity of particulate with 
which the coated material is intimately admixed. Preferably the tackifying compound is present in an amount of from 

10 about 50 to about 1 50 percent of the material which is to be at least partially coated with the tackifying compound and 
then added to the particulate. At (east a portion of the tackifying compound introduced with the additional material will 
contact and coat at least a portion of the particulate with which it is admixed. 

[0028] The hardenable resin, when present, comprises an epoxy or phenolic resin or other compound capable of 
being at least partially coated upon a particulate substrate and then cured to a higher degree of polymerization. Ex* 

15 amples of such resins include phenol-aldehyde resins of both the resole and novolac type, urea-aidehyde resins, 
melamine-aldehyde resins, epoxy resins, furfuryl alcohol resins and the like. The curing may result from heating the 
resin to a higher temperature such as can occur with the resole resins or by the addition of a catalyst or crosslinker to 
the resin which initiates polymerization. Admixtures of resins such as the resole and novalac resins may be utilized 
wherein sufficient resole resin is incorporated to initiate polymerization in the novalac resin. Various resins are described 

20 in for example U.S. Patents 5,420, 1 74; 5,21 8,038; 5,425,994 and 4,888,240 the entire disclosures of which are incor- 
porated herein by reference thereto. Particularly preferred resins include epoxy resins such as "EPON 828" epoxy 
resin from Shell Chemical Company, Houston, Texas. Phenolic resins such as "Resin 1866" from Acme Resin Corpo- 
ration, Borden Division, Forrest Park, Illinois, furan resins such as "ARS-1500" resin from Advanced Resin Systems, 
Des Plains, Illinois and novalac Resins such as "Bakelite 9262 FP" resin also available from Advanced Resin Systems. 

25 [0029] The resin is admixed with the particulate in an amount of from about 0.01 to about 5.0 percent by weight of 
the particulate. Preferably, the resin is admixed with the particulate in an amount of from about 0.05 about 1 .0 percent 
by weight of the particulate. Curing agents, catalysts or crosslinkers selected from those well known in the art may be 
utilized with the resin to harden the resin and form a consolidated matrix of particulate. 

[0030] The liquid or solution of tackifying compound interacts mechanically with the particles of particulate introduced 
30 into the subterranean formation to limit or prevent the flowback of particulates to the wellbore during initial flowback. 
When the hardenable resin is present, the tackifying compound substantially limits flowback prior to hardening and 
consolidation of the particulates by the hardenable resin. . 

The tackifying compound causes the treatment chemical particles admixed with the coated particulates to adhere to 
the coated particles and to remain uniformly dispersed within the portion of the coated particulate to which it is added. 

35 [0031] In one embodiment, the tackifying compound, when comprised of polyamides that contain reactive sites such 
as amine groups, may be admixed and contacted with a material that has multi-functional reactive sites which are 
capable of reacting with the reactive sites on the tackifying compound to form a hard reaction product which consolidates 
the agglomerates formed by the tackifying compound. A "hard reaction product" as used herein means that the reaction 
of the tackifying compound with the multifunctional material will result in a substantially nonflowable reaction product 

40 that exhibits a higher compressive strength In a consolidated agglomerate than the tackifying compound alone with 
the particulates. One means of evaluating the consolidated agglomerate to determine whether an increase in com- 
pressive strength has occurred is through testing with a penetrometer. Samples may be prepared comprising particulate 
coated with the tackifying compound, multifunctional material and an admixture as described herein and penetrometer 
readings can be made using equipment such as a PWG Penetrometer from Precision Scientific Company, Chicago, 

45 Illinois. Comparison of the penetrometer readings readily demonstrates the change that has occurred as a result of 
the reaction. In this instance, the tackifying compound also functions as the hardenable resin. The material having 
multi-functional reactive sites include compounds such as aldehydes such as formaldehyde, dialdehydes such as 
glutaraldehyde, hemiacetais or aldehyde releasing compounds, diacid halides, dihalides such as dichlorides and di- 
bromides, polyacid anhydrides such as citric acid anhydride, epoxides and the like. Preferred compounds for use with 

so polyamides containing reactive sites comprise furfuraldehyde, glutaraldehyde or aldehyde condensates and the like. 
The multi-functional compound is admixed with the tackifying compound in an amount of from about 0.01 to about 50 
percent by weight of the tackifying compound to effect formation of the reaction product. Preferably, the compound is 
present in an amount of from about 0.5 to about 1 percent by weight of the tackifying compound. 
[0032] The liquid or solution of tackifying compound and hardenable resin generally are incorporated with the par- 

55 ticulate in any of the conventional fracturing or gravel packing fluids comprised of an aqueous fluid, an aqueous foam, 
a hydrocarbon fluid or an emulsion, a viscosifying agent and any of the various known breakers, buffers, surfactants, 
clay stabilizers or the like. 

[0033] Generally the tackifying compound and hardenable resin may be incorporated into fluids having a pH in the 



5 

3NSDOCID: <EP 1 132569A*J_> 



EP1 132 569 A2 



range of from about 3 to about 12 for Introduction into a subterranean fom,*,^ t* 

particulate movement wtthin the formation at temperaWZTi Z?,^ C ° mP ° UndS "* USefUl reducin 9 
stood that not every hardenable resin or tacWfCcoZuS rU^HT " exce88 °* 30o ' F - « under- 
but every compound k usefui over at least some S7ZZ^^^ZT **• PH °' tOTpera,Ure ran 9* 
* operating range for various products utilizing well known^este Z lh« w * ° an detemiine the u «*" 
[0034J The liquid or solution of tacJdfvtan^T^T f^f ^ ^ h0Ut Undue ex Perimentatlon. 
Part* ulateasal^ m** are incorporated w*h the 

The treatment chemical may be introduced in a ■^,222^K^?*^^ , ^ ""I"*"**, 
compound or may adhere to the particulate whfcThasZn VESZHZ by ,he **W»a 

» Fracturing fluid slurries are Introduced into the fo^TSZT? 1 *° ***** com P°"nd 
east one fracture in the formation into which pariuShe„ ^ SST^ 8Mci6nt ,0 create at 

hydrocarbon production. Gravel packing treatmenrineraSr S^Z^*.?*™*"^™^*™^ 
the fluid can be Introduced Into a formaSon toT^^^^TT 1 T' ^ and pres8ures wher *y 
In the wellbore where fracturing of the formatton ma! £2251?^£ ° paCk 8Urroun <«nS a screen positioned 
« 'nenfunctionstopreventfinesor^^^ 

from the subterranean formation. The treatnTeT^^^^^^ L L s lS k ** 0f h V*«:arbons 

provide the desired treatment. The dissolution may^SeS lh „1 «^ * preSent in the Nation to 
may be introduced into the formation spec^dtoTml * * 

w^CvCa=r P rr^;s~ 

the treatment chemical comprises a bre^ u„2n^^ mi9ra, ' n9 int0 "» W "en 

E2L£^r^ 

intothe subterranean formation oSS^ 

of the treatment to place the intimate mixture in the formatio I the %ZLJZ P ^ **' such 88 ln *» ""al stages 
compound may be added to only the final 20 to 30 Z^TZ nZt^ ? ? ! We " b ° re - F ° r exam P ,e ' the ^kifying 
and the hardenable resin may be added to onL me intr0dUC6d int0 me f °"™«°n 

the intimate mixture will form a tail-in to tLZeatoeTJi JZu^ > °1 *° Pa ^ U,aite ,aden f,uid ,n instance 
will cause the parite.es to bridge on the £222 f0ma,,0n "» partcula * 

we (herewith any produced fluids. The taking ZZZSS,^ "'"""oment of the particles into the 
or into any flowline in which they will contact the maX Z be -22 25 T" imr0dUCed into th ° °'°nder 

pounds may be introduced with metering pumps ^helte £?«2^2? " y the c ° m P°"nds. The corn- 
formation. The treatment chemicals generally will bVmtoduSa .IT* , treatment flU,d 1,1,0 0,6 *"Merranean 
with the tackling compound unless me 22.S22S «££ SlT^T' PaftiCU,a,a mat coated 

^hmenmaybeconsolidated.Cont^ 

be used to provide a controlled erosion of the t 22m2u^!! ! ' Om,ati0n fluid8 from can 
The f lowback rate « conned so as to pJ222l22J2 tZ52> " h "» W,,bore - 

compound but generally is maintained below the 22ST2£fST^ ? 8USpenSion veto <% of the tackifying 
production of particu.ate from me formation. The J222S22 ZTlT ^ re8ults h co « 

to create a tunnel into the particulate in the fomwtton ^ bee " ' 0und t0 1,6 ver V unifom i nature and 

in me we.tt.ore. After the Lne. * ^11^32?"^^^^ 
high permeability passage or tunnel from me fomiZ 2 mZlZ PMaM * to provide a 

[ 1 ^^^^^^^^^^^^^ 
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EXAMPLE I 

[0040] The evaluation of a liquid or solution of a compound for use as a tackifying compound is accomplished by the 
following test. A critical resuspension velocity is first determined for the material upon which the tackifying compound 

5 is to be coated. The apparatus comprises a 1/2" glass tee which is connected to an inlet source of water and an outlet 
disposal line is blocked to fluid flow. A water slurry of particulate is aspirated into the tee through the inlet and collected 
within a lower portion of said tee by filtration against a screen. When the lower portion of the tee is full, the vacuum 
source is removed and a plug Is used to seal the end of the lower portion of the tee. The flow channel from inlet to 
outlet then Is swabbed clean and a volumetrically controlled pump, such as a "MOYNO" pump, is connected to the 

10 inlet and a controlled flow of water is initiated. The velocity of the fluid is slowly increased through the inlet until the 
first particle of particulate material is picked up by the flowing water stream. This determines the baseline for the starting 
of the resuspension velocity. The flow rate then Is further increased until the removal of particles becomes continuous. 
This determines the baseline for the continuous resuspension velocity. The test then is terminated and the apparatus 
is refilled with particulate having a coating corresponding to about 0.5 percent active material by weight of the particulate 

*5 applied thereto. Similar trends generally are seen in the results when the concentrations tested are from about 0.1 to 
about 3 percent, however, the 0.5 percent level which is within the preferred application range is preferred for stand- 
ardization of the procedure. The test is repeated to determine the starting point of particulate removal and the velocity 
at which removal becomes continuous. The percent of velocity increase (or decrease) then is determined based upon 
the initial or continuous baseline value. The results of several tests employing the preferred polyamide of the present 

20 invention, and conventional epoxy and phenolic resins known for use in consolidation treatments in subterranean 
formations with 12/20 and 20/40 mesh sand are set forth beiow in Table I. 
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NoV# 


particulate 


* Coa^ihg^AgTOti 
, : Particulate 


. Perq£nt:,$£ y 
.Change 
1 Starting of. T 
Sand -'Parfeici* 


'eldpity 

- 

Cbntinuous 
Sarid^ 

Tr^spbrt/-.- 


10 


1 


20/40/mesh 
sand 


None 


0 




2 


20/40 mesh 
sand 


1/2 nprrpn h 

polyamide 


192 


222 1 


15 


3 


20/40 mesh 
sand 


polyamide 


271 


391 




4 


20/40 mesh 
sand 


1/2 n^rr^nf 

phenolic 


-0.5 


6.5 1 


20 


5 


20/40 mesh 
sand 


a percent 
phenolic 


-9 


-6.8 | 




6 


20/40 mpah 

sand 


a/* percent 
epoxy 


-9 


-1.2 I 


25 


7 


20/40 mpqh 

sand 


j. percent 
epoxy 


5.2 


12.2 I 




8 


12/20 mp.qh 

sand 


A/z percent 
polyamide 


226 


173 1 


30 


9 


12/20 me^h 

sand 


x percent 
polyamide 


367 


242 1 




10 [ 


12/20 mesh 
sand 


1/2 percent 
phenolic 


42 


22 I 


35 


11 


12/20 mesh 
sand 


1 percent 
phenolic 


42 


13 1 




12 


12/20 mesh 
sand 


1/2 percent 
epoxy 


48 


30 I 


40 


13 


12/20 mesh 
sand 


1 percent 
epoxy 


38 


15 I 



45 SISL ^11** Cl6ar1y ' BU ! trate8 the subs,antial increas ° the critical resuspension velocity of a particulate coated 
to be eSr 9 COmP ° U C ° mParb0n t0 0th6r kn ° Wn f0m,ati ° n con80,ldatton agents whteh require honing 
[0042] The test results clearly demonstrate the beneficial results achieved by practice of the method of the nra »nt 
invention with respect to proppant production from a simulated formation. P ^ 

so EXAMPLE II 



55 



10043] The stabilization properties of the method of the present invention are determined by comparison to untreated 
sand and ^including a flowback y ^ ^ ^ ^^^J^^ 

2T- S2L* 0Ul h 7 lnches ,n ten9,h and 8601,1 025 ,nches ,n wldth betWMn *° Tn* S2K£ 

packed wrth 20/40 mesh sand by introducing the sand into the cell in an aqueous slurry or a gelled fluid omSho 
pounds of guar per 1000 gallons of aqueous fluid. The cell is fitted with a 0.3 inch hole i one end to 52* 
perforation. The hole is visible through a sight glass so that proppant production through the JTSSj 



EP1 132 569 A2 

determined. 

[0044] The cell then was cleaned and packed with another proppant pack for testing. The tested materials are set 
forth in Table II, below. 



TABLE XI 



10 


■ ft 

' SAMPLER 


tllPAC&JNGf 
ii . FLUID - r 


ADDITIVBS^TO 
v SAND4"* -BY.WT. 


FLOW RATE; f 
ml/min AT WHICH 
FAILURE OCCURS, 




i 


water 


None 


84 


15 


2 


gel 


None 


90 




3 


gel 


1% by wt 
polyamide 


180 


20 


4 


gel 


2% by wt 
polyamide 


384 


25 


5 


gel 


1% by wt 
polyamide and 1% 
out Bakelite 9282 

FP resin 


>3000 l 


30 


6 


gel 


1% by wt 
polyamide and 1% 
by wt Bakelite 
9282 FP resin 


>2600 J 



35 



pack heated at 250°F for 72 hours before testing, no 
sand production during test 

pack heated at 180°F for 4 hours before testing no 
sand production during test 



40 EXAMPLE III 



43 



50 
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[0045] The controlled release properties of the method of the present invention are determined by comparison to 
breaker solutions, untreated substrates containing breakers and substrates containing breaker including a tackifying 
compound. 

[0046] The breaker utilized comprised sodium persu Ifate . The solution was prepared by dissolving 3 grams of sodium 
persulfate in 100 mi of deionized water. The particular substrates utilized comprised diatomaceous earth and amor- 
phous silica. The diatomaceous earth substrate was prepared by dissolving 5 grams of sodium persulfate in 10 ml of 
deionized water to which was added 10 grams of diatomaceous earth. The sample then was dried for 24 hours in a 
1 40° F. vacuum oven. The sample material has a concentration of 0.5 gram sodium persulfate per gram of diatomaceous 
earth. The amorphous silica substrate was prepared by dissolving 5 grams of sodium persulfate in 10 ml of deionized 
water to which was added 5 grams of amorphous silica. The sample then is fried for 24 hours in a 1 40° F vacuum oven. 
The sample material has a concentration of 1 gram sodium persulfate per gram of amorphous silica. 
[0047] The samples are admixed with a quantity of a crosslinked hydroxypropylguar containing fluid. The gelled fluid 
is prepared by hydrating hydroxypropylguar in tap water in an amount of 25 pounds per 1000 gallons of fluid. A liquid 
borate containing crosslinker such as described in U .S . Patent 5,827,804 issued October 27, 1 998, the entire disclosure 
of which is incorporated herein by reference, then was admixed with the gelled fluid in an amount of 2 gallons per 1 000 
gallons of fluid. The crosslinked fluid then is admixed with a quantity of 20-40 mesh sand, tackifying compound and 
breaker or substrate loaded breaker in a concentration of 2 lbs. sodium persulfate per 1 000 gallons of fluid. The tack- 
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forth in the Table III, below 5 FANN ^ SCOmeter ' ™* res "»s of the tests are set 



TABLE I 



DE : diatomaceous earth substrate with breaker 
AS : amorphous silica substrate with breaker 
C : fully crosslinked fluid 



Sample No: 


Breaker 


pH 


Tackifying Compound Present 


Viscosity, cp 










0.5hr 


1hr 


2hr 


3.5hr 


1 


LS 


8.47 


No 


C 


C 


1.5 


1 


2 


LS 


8.40 


Yes 


C 


C 


5 


2.5 


3 


DE 


8.45 


No 


C 


C 


1.5 


1 


4 


AS 


8.47 


No 


C 


C 


3 


1~5~~ 


5 


DE 


8.48 


Yes 


C 


C 


9 


3 


6 


AS 


8.43 


Yes 


C 


C 


80 


5 



[0048] 

material. '•■■»"»"'« uwwyomne release of the breaker from the substrate 

[0049] While the present invention has been described with reoard to that u,hi^h i« 

the preferred embodiments of the invention, other embodiment bee ^suS L annS.T ^ * C ° mpriSe 
occur to those individuals skilled in the art upon mJS^SS^2!SSS^ V °^ \ mbod,mente wi » 
bodimentssha,, be Included w^in the scopL me 



Claims 

4 r^rrr^^ 
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5. A method according to claim 1 , wherein said fluid suspension including a mixture of a particulate material and 
another material comprising a treatment chemical which are at least partially coated with a liquid or solution of a 
non-hardening tackifying compound, is introduced into the subterranean formation through the wellbore. 

6. A method according to any of claims 1 to 5, wherein said tackifying compound is admixed with said particulate in 
an amount of from 0.1 to 3.0 percent by weight of said particulate, preferably in an amount of from 0.25 to 2 percent 
by weight of said particulate. 

7. A method according to any of claims 1 to 6, wherein said tackifying compound is a polyamide, polyester, poly ether, 
poiycarbamate, polycarbonate, styrene-butadiene latex, a natural or synthetic resin, or any mixture of two or more 
thereof. 

8. A method according to any of claims 1 to 7, wherein said treatment chemical comprises a scale inhibitor, bioclde, 
breaker, buffer, paraffin inhibitor or corrosion inhibitor or any mixture of two or more thereof. 

9. A method according to any of claims 1 to 8, wherein said treatment chemical is coated upon or absorbed upon an 
inert porous substrate or a non-porous substrate. 

10. A method according to claim 1 , wherein said tackifying compound comprises at least one member selected from 
polyamides, polyesters, polyethers, polycarbamates, polycarbonates, styrene-butadiene latticies and natural and 
synthetic resins. 



.1132569A$J_> 



11 



THIS PAGE BLANK (uspto) 



